Background: Mass gatherings, especially the Hajj pilgrimage, provide favourable conditions for bacterial transmission among participants, which might contribute to the international spread of ESBL-producing Enterobacteriaceae (ESBL-E).
Introduction
Antimicrobial resistance is prevalent in regions where hygiene is poor and antimicrobial policies are weakly implemented or nonexistent. International travel is considered to be an important risk factor for the acquisition of MDR Enterobacteriaceae (MRE), including ESBL-producing Enterobacteriaceae (ESBL-E), 1 carbapenemase 2 and mcr-1 plasmid-mediated colistin resistance, 3 and travellers likely contribute to the globalization of antimicrobial resistance. 1 CTX-M types are the predominant ESBLs, they are prevalent in humans and animals, originated from chromosomal genes of environmental Kluyvera species and have emerged extensively as plasmid-mediated ESBLs. 4 Thus, it is extremely important to investigate CTX-M types to achieve a better understanding of the spread of ESBL-producing genes among travellers. Recently, risk factors for the acquisition of MRE in the context of international travel were reviewed. 1 Overall, a high prevalence of MRE after international travel was found (acquisition rates of 21%-51%). Besides travel destination (notably South and Southeast Asia), 5 other risk factors for acquiring MRE were age, length of stay, visit to family or friend, consumption of ice cream or pastry, use of antibiotics during travel and diarrhoea during travel, depending on the studies. 1 Two of the limitations identified in these studies were multiple travel destinations and differences in travel behaviour. To overcome these issues, we conducted a survey in travellers to a single destination and experiencing similar travel conditions V C The Author 2017. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved. For Permissions, please email: journals.permissions@oup.com.
(French Hajj pilgrims to Saudi Arabia). In a preliminary survey, we showed that pilgrims returning from the Hajj harboured significantly more ESBL-producing bacteria than before travel. 6 Notably, there was a significant increase in the number of pilgrims carrying Escherichia coli resistant to ceftriaxone. Rather than investigating ESBL colonization through culture-based methods, we used molecular detection to screen resistance genes by PCR directly from stools, with the aim of investigating risk factors for their acquisition by Hajj pilgrims. We screened CTX-M genes (bla CTX-M ) only, based on a preliminary observation that other resistance genes (TEM and SHV) were detected at high levels in Hajj pilgrims both before and after travelling, while a high acquisition rate of CTX-M genes was observed following participation in the Hajj. 6 
Methods

Study design and samples
Data and rectal swab samples were obtained during the 2013 and 2014 Hajj from organized groups of pilgrims travelling together from France to Mecca with a specialized travel agency based in Marseille, from 22 September to 23 October 2013 6 and from 19 September to 12 October 2014. 2 The participants were interviewed by French/Arabic-speaking investigators using a standardized pre-travel questionnaire that collected information on demographic data and chronic conditions. A post-travel questionnaire that collected clinical data, vaccination status and compliance with preventive measures was completed by a single investigator immediately prior to the return to France. Health problems, including antibiotic usage during the pilgrims' stay, were recorded by a medical doctor who travelled with them. All rectal swab samples were collected and stored as previously described. 7 
Identification of CTX-M genes in Hajj samples
A total of 227 pilgrims travelling to the Hajj (2013, 129 pilgrims; 2014, 98 pilgrims) were asked to provide rectal samples before and after the Hajj period (just before leaving France for Saudi Arabia and just before leaving Saudi Arabia for France). Total DNA was extracted from rectal samples and underwent PCR and sequencing to detect ESBL-encoding genes bla CTX-M genes, and was then analysed with ARG-ANNOT 8 and NCBI databases as previously described. 6 The prevalence of CTX-M gene carriage (bla CTX-M gene) pre-and post-Hajj was calculated, including the acquisition rate of this ESBL gene during the Hajj period, excluding pilgrims who did not provide both pre-and post-travel samples. The study protocol for assessing the acquisition of CTX-M genes in pilgrims is shown in Figure 1 .
Ethics
The protocol for sample collection was approved by our Institutional Review Board. It was performed in accordance with the best clinical practices recommended by the Declaration of Helsinki and its amendments. All participants gave written informed consent.
Risk factor analysis
Data were entered into an Excel file and statistical analyses were carriedout using XLSTAT version 2016.05.34687 (Addinsoft). For the univariate Leangapichart et al.
analysis, the frequencies of nominal data were compared using Pearson's v 2 test and Fisher's exact test, and the means of quantitative data were compared using Student's t-test. A difference was considered significant when P , 0.05. For multivariate analysis, a logistic regression was carried out, considering all the significant data in univariate analysis. The carriage and acquisition of CTX-M genes by pilgrims was analysed according to potential risk factors such as age, gender, chronic medical conditions, vaccination status before travelling, compliance with nonpharmaceutical preventive measures against respiratory tract infections and diarrhoea, symptoms during stay and antibiotic treatments. The use of antibiotics during the Hajj was analysed by class of antibiotics. CTX-M gene carriage (presence of CTX-M genes before and/or after) and acquisition (absence before and presence after or variant switch before and after) was analysed for potential risk factors by univariate and multivariate analysis as described above.
Results
Pilgrims' characteristics
A total of 218 pilgrims provided paired pre-and post-Hajj rectal samples (2013, 129 pilgrims; 2014, 89 pilgrims). The mean age (+SD) was 62 years (61.8+9.7) and the male to female ratio was 0.6 (80/138). The travel duration in 2013 and 2014 was 22 and 24 days, respectively. Most pilgrims were of North African origin, 
CTX-M gene carriage in Hajj pilgrims
JAC with the majority having been born in Algeria. More than 54% of pilgrims had at least one chronic disease, with diabetes, hypertension, overweight and obesity the most frequent (Table 1) . Most pilgrims were immunized against diphtheria, tetanus and poliomyelitis (82.2%) and 63% against invasive pneumococcal disease. One-third had received the influenza vaccination in the preceding year. Eight percent of pilgrims frequently used masks during the Hajj, 42.3% washed their hands more frequently than usual, 62.8% used hand sanitizer and 95% used facial tissues (Table 2) . A high prevalence of respiratory symptoms was recorded (87.1%) with a 61.8% prevalence of productive coughs; 58.4% pilgrims reported gastrointestinal symptoms with a 27.5% prevalence of diarrhoea (Table 3) . A total of 119 pilgrims (54.8%) used antibiotics during the pilgrimage because of respiratory symptoms and 8 (5.4%) because of diarrhoea (Table  4 ). The class of antibiotic was documented for 117 pilgrims. The highest antibiotic consumption was of b-lactams (83/117, 70.9%) followed by macrolides (23/117, 19.6%).
CTX-M gene acquisition during Hajj
Prevalence of CTX-M (bla CTX-M ) genes pre-and post-Hajj is shown in 
Risk factors related to CTX-M gene acquisition in pilgrims
The results of the univariate analysis are shown in Tables 1-4 and factors included in the final multivariate analysis are presented in Table 5 .
In univariate analysis, factors associated with higher acquisition of CTX-M genes were: being of Moroccan origin (OR " 3.90; 95% CI " 1.55-9.81; P " 0.004), having at least one chronic disease (OR " 1.81; 95% CI " 1.00-3.28; P " 0.05), suffering shortness of breath during travel (OR " 2.19; 95% CI " 1.06-4.54; P " 0.036), suffering diarrhoea during travel (OR " 2.48; 95% CI " 1.15-5.32; P " 0.03) and using b-lactams (OR " 10.9; 95% CI " 3.95-30.04; P , 0.00001). Pilgrims of Algerian origin were significantly less likely to acquire CTX-M genes (OR " 0.52; 95% CI " 0.28-0.96; P " 0.04), as were those who used macrolides (OR " 0.2; 95% CI " 0.07-0.92; P " 0.035). In multivariate analysis, shortness of breath (OR " 2.56; 95% CI " 1.14-5.73; P " 0.023) and diarrhoea (OR " 3.35; 95% CI " 1.20-9.36; P " 0.021) were associated with acquisition of CTX-M genes. Consumption of macrolides was significantly associated with a lower acquisition of CTX-M genes (OR " 0.15; 95% CI " 0.04-0.57; P " 0.0005). Leangapichart et al.
Discussion
Mass gatherings, especially the Hajj pilgrimage to Mecca where 2-3 million individuals from more than 180 countries gather in Mecca, Saudi Arabia, could provide favourable conditions for bacterial transmission among pilgrims, who might return to their home countries with these pathogens and contribute to the international spread of ESBL-E. 9 Respiratory symptoms are very frequent among pilgrims, with cough prevalence rising to more than 90% in a Malaysian survey conducted in 2007, 10 and similar results have been observed among French pilgrims in recent years. 11 Consequently, respiratory diseases are the most common diseases observed among pilgrims attending primary healthcare centres in the Hajj area of Saudi Arabia 12 and are a major cause of hospital admission during the Hajj, 13 with pneumonia being a leading cause of admission to intensive care units in Saudi Arabia. 14, 15 Overuse of antibiotics at the Hajj is common and likely contributes to increased resistance. 7, 9, 16, 17 The Hajj is considered to be a major source of bacterial transmission. Few studies are available regarding the acquisition of drug-resistant bacteria at the Hajj. In one study, pilgrims acquired antibiotic non-susceptible Streptococcus pneumoniae at a rate of 6.1% compared with 2.5% pre-travel and their acquisition of MDR S. pneumoniae increased from 0.6% to 2.2%. 18 Acquisition of ESBL and colistin-resistant Salmonella enterica, ESBL-producing E. coli, and Klebsiella pneumoniae were reported in returning pilgrims during the 2013 Hajj. 6, 19 Moreover, acquisition of carbapenem-resistant Acinetobacter baumannii was detected in returning pilgrims' pharyngeal and rectal samples, 2 including mcr-1 plasmid-mediated colistin resistance gene in pilgrims returning from Hajj. 3 Here, using a metagenomic approach we observed an acquisition rate of CTX-M genes during the Hajj of between 30% and 34%, in line with previous studies addressing ESBL-E acquisition by travellers to Middle East destinations (3.8%-40%). [20] [21] [22] [23] [24] The prevalence of ESBL-producing E. coli reported in the Saudi Arabian human population, waters, environment and animals was 16.6%-36.4%. 25, 26 Hajj pilgrims represent a specific population of international travellers among whom the prevalence of diarrhoea is relatively low while that of upper tract respiratory infection ILI, influenza-like illness defined as subjective fever and cough and sore throat.
CTX-M gene carriage in Hajj pilgrims
JAC symptoms is very high. Our results showed that diarrhoea is associated with an increase in CTX-M gene acquisition by Hajj pilgrims, in line with results on ESBL-E acquisition obtained in other populations of travellers. 23, [27] [28] [29] Our results suggest that lower respiratory tract infection with lung parenchyma involvement responsible for shortness of breath is associated with acquisition of CTX-M genes at the Hajj, while upper respiratory tract infections and bronchitis are not. However, further study including physical pulmonary examination and ideally chest radiography are needed to challenge this hypothesis. We did not observe a significant effect of fluoroquinolone use on CTX-M gene acquisition in our study, probably due to only a small proportion of pilgrims using this antibiotic for diarrhoea. In addition, we show that the use of a b-lactam antibiotic (for respiratory tract infections during the Hajj) is associated with CTX-M gene acquisition, while the use of a macrolide is associated with a lower prevalence of CTX-M gene acquisition. This evidence was supported by a previous study by Memish et al., 30 where pre-and post-Hajj S. pneumoniae respiratory isolates collected from pilgrims exhibited a low 1.2% prevalence of resistance to macrolides. The use of antibiotics for upper respiratory tract symptoms at the Hajj should be discouraged. The negative association between macrolide intake and acquisition of CTX-M genes, although based on a relatively small number of patients, warrants further investigation on the potential effect of different classes of antibiotics on the dynamics of acquisition of resistant bacteria by pilgrims on which to base recommendations for appropriate empirical therapy for lower tract respiratory infections at the Hajj.
In our study, vaccinations and personal hygiene status did not significantly influence CTX-M gene acquisition, in line with other results obtained in international travellers. 28, 29, 31, 32 However, frequency of use of mask and hand hygiene was not standardized and our semi-quantitative approach may have biased the results. It is likely that the absence of any demonstrated effect of hand hygiene in our and other studies is due to both the difficulty to truly assess the quantitative aspect of such a preventive measure and the multifactorial nature of the acquisition of ESBL. Although such a measure should be proposed to travellers, a large-scale, well-designed study evaluating the effect of hand hygiene on both the occurrence of traveller's diarrhoea and respiratory tract infections, and on the acquisition of ESBL, is needed before any recommendation can be made. Different CTX-M types reported in this study have been described worldwide in humans, animals and the environment. 4 The high prevalence of the CTX-M-15 genes detected in our samples reflects the worldwide spread of these genes. 33 The CTX-M variants found specifically in returning Hajjees, CTX-M-78 and CTX-M-152, were initially described in a patient from the USA 16 and in the Yamuna river of India, 34 respectively. Acquisition of CTX-M genes in pilgrims may have resulted from contaminated food such as raw vegetables 35 and meat 36 or water consumption 17 as previously reported in the Saudi Arabian population. Nevertheless, we cannot speculate on or identify the sources of bacterial transmission as they can also include airborne dissemination and close contact during rituals. 11, 37 Of note, only a few pilgrims enrolled in our study were hospitalized in Saudi Arabia, indicating that CTX-M gene carriage in pilgrims resulted essentially from community acquisition, not from hospital acquisition. Hence, examination of the food, water and environment during the Hajj may provide a better understanding of MDR bacteria acquisition and dissemination at the Hajj. 
JAC
Our study has several limitations. The persistence of CTX-M gene carriage over time or onward transmission within households were not assessed and the clinical impact of travel-acquired faecal carriage of CTX-M genes is not addressed in this study. Other resistance mechanisms in Enterobacteriaceae, such as carbapenem resistance and its risk factors, were not investigated here. Given that CTX-M genes were detected directly from stools and not following positive culture of bacteria isolated from rectal samples, we cannot formally conclude that the presence of CTX-M genes indicates bacterial colonization. However, this culture-independent and metagenomic approach has been previously used in the context of international travel by other authors and has the advantage of avoiding the bias that is introduced when selective culturing is applied because a majority of the gut microbiota is not cultivable. 38 Our study is the first to provide a multivariate analysis of risk factors for CTX-M gene carriage in a group of Hajj pilgrims. We confirm that diarrhoea during travel is indeed an independent risk factor that predisposes travellers to carrying CTX-M genes. We are the first to report that shortness of breath during travel is an independent risk factor for CTX-M gene acquisition and that macrolide use is an independent factor associated with a lower CTX-M gene acquisition. According to Kantele et al., 29 there are two major tools for avoiding colonization by resistant intestinal bacteria while traveling: prevention of traveller diarrhoea and restriction of the use of antimicrobials for traveller diarrhoea. Furthermore, preventing respiratory tract infections and restricting the use of antimicrobials for upper respiratory tract infections can act as supplementary tools to help prevent CTX-M gene acquisition.
In conclusion, international travel has been associated with ESBL-E infection among patients in the community and in hospital. Thus, the possible presence of ESBL bacteria should be taken into account when prescribing empirical antibiotic treatments for infections in returning Hajj pilgrims.
